Abstract: Using data collected from semi-structured interviews with 485 households, this research evaluates the effect of perceived livelihood risk on livelihood strategies within farming households in China's Shiyang River Basin. Perceived livelihood risk was evaluated by establishing an index system of livelihood risk (health, environmental, financial, social, and information and connectivity risks). Different livelihood strategies were identified, including reducing consumption, seeking help from relatives and friends, securing loans, seeking employment, and converting assets into cash. The effect of perceived livelihood risk on livelihood strategies was measured and evaluated using multinomial logistic regression. The results indicate that the effect of different perceived livelihood risk on livelihood strategies varies. Personality traits, as well as perceived health risk, financial risk, social risk, and environmental risk influence livelihood strategies, while perceived information risk and connectivity risk do not appear to have obvious relationships to livelihood strategies. Finally, we present proposals for ensuring farmers' livelihood strategies are more effective.
Introduction
The issue of "livelihood risk" in work on sustainable development has become the subject of intensive conceptual and empirical research [1] [2] [3] [4] [5] [6] . Research-informed ways of adapting to livelihood risk are a key part of this consideration. Moreover, understanding adaptation mechanisms and processes are clearly vital to the shaping of relevant and effective policy [7] . As a foundation for understanding human response actions, risk cognition, based on experiences, feelings, and local knowledge, is fundamental to an appreciation of the interrelationship between people and risk change in particular places [8] . In light of their close dependence on natural resources, farmers perceive livelihood risk keenly and are also among the first to adopt coping behaviors. Research examining the influence of perceived livelihood risk on livelihood strategies offers a new perspective to help guide farmers' effective coping behaviors and improve their adaptability [9] .
Risk Perception
Since the 2000s, considerations of risk perception have become central to understanding how rural residents cope with livelihood risk. Usually individuals respond to livelihood risk through three interrelated stages, namely observation, perception, and action, with each stage based on the previous one. Among them, perception is the basis for adopting response actions. It plays a key role in shaping 1.3. Livelihood Strategies "Livelihood strategies" refer to that combination of livelihood activities and choices that farmers make to achieve their livelihood goals in terms of better living standards, improved levels of welfare, and greater employment opportunities [28] . They offer means to cope with external disturbances and to maintain livelihood capabilities (including what people can do and what they can obtain with their entitlements) [29] [30] [31] [32] [33] . Many studies on livelihood strategies indicate that farmers' livelihood strategies are rational and effective means of reducing vulnerability and enhancing adaptability. When confronted with serious and frequent livelihood risks, many rural households adopt livelihood strategies intended to prevent, resolve, and adapt to livelihood risks according to their endowments and risk characteristics [34] . Much of the extant literature suggests that rural households' choices of livelihood strategies are rational [35] [36] [37] . Moreover, the strategies for coping with vulnerable environments are diverse [38] [39] [40] [41] [42] , being based mainly on perceptions of surrounding risks, the potential benefits or disadvantages of risk-taking, and the availability of livelihood "safety nets" at the worst times [43] . Strategies are also based on the economic status of the household [43] .
It is evident from a review of the relevant literature that quantitative approaches have become increasingly popular in exploring the inter-relationships between livelihood strategies and factors influencing them. For instance, relationships between livelihood strategies and livelihood capital are already being described and quantified through regression analysis [44] [45] [46] . While such work deepens Sustainability 2019, 11, 3349 3 of 16 our understanding of the field of sustainable research in rural areas, there is lack of adequate empirical information and research exploring crucial linkages between risk perception, adaptive capacity, and livelihood strategies. Those studies that do exist focus mostly on perceptions of climate change [47] , water resources shortages [48, 49] , and market shocks [50] . This study investigates the relationship between perceived livelihood risk and livelihood strategies concentrating on rural farming households in China's Shiyang River Basin. The first section of the paper offers an introduction on perceived livelihood risk, adaptive capacity, and livelihood strategies. The second part describes the research area and methodology applied in our study. Here we introduce an index system of livelihood risk and an evaluation model of perceived livelihood risk. Section 3 reveals the impact of perceived livelihood risk on livelihood strategies using a logistic regression model. Conclusions are presented in Section 4.
Methodology

Description of Research Sites
The Shiyang River Basin (Figure 1 ) is an arid inland river basin of China with a total area of about 41,600 km 2 . It is located in the eastern section of Hexi Corridor, on the western section of the Wushao ridge and the northern section of the Qilian Mountains. It has a population of about 2.358 million, giving it an average population density (55 people per square kilometer) about 3.4 times greater than that of Hexi Corridor [51] . Local farmers' main strategies for living include plantations (wheat, corn, rapeseed, potatoes, and fruit) and livestock farming (cattle, sheep, and others). There is no significant gender difference of labor. The Shiyang River Basin is characterized by households with a single source of income or a single occupation, high labor turnover, and significant problems of population ageing, and limited access to educational and medical care [52] . More importantly, the basin is characterized by extreme ecological fragility, intensified by serious water shortages. There is a clear conflict between the supply and requirement for water resources. Inappropriate irrigation methods and water-intensive crops present a serious threat to food supply, water security, public health, and social security (Figure 1 ).
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Methodology
Description of Research Sites
The Shiyang River Basin (Figure 1 ) is an arid inland river basin of China with a total area of about 41,600 km². It is located in the eastern section of Hexi Corridor, on the western section of the Wushao ridge and the northern section of the Qilian Mountains. It has a population of about 2.358 million, giving it an average population density (55 people per square kilometer) about 3.4 times greater than that of Hexi Corridor [51] . Local farmers' main strategies for living include plantations (wheat, corn, rapeseed, potatoes, and fruit) and livestock farming (cattle, sheep, and others). There is no significant gender difference of labor. The Shiyang River Basin is characterized by households with a single source of income or a single occupation, high labor turnover, and significant problems of population ageing, and limited access to educational and medical care [52] . More importantly, the basin is characterized by extreme ecological fragility, intensified by serious water shortages. There is a clear conflict between the supply and requirement for water resources. Inappropriate irrigation methods and water-intensive crops present a serious threat to food supply, water security, public health, and social security (Figure 1 ). Vegetation in the Shiyang River Basin has been seriously damaged by climate change and human activities. This has had consequences for soil and water conservation in the region. Very large-scale irrigation agriculture and unreasonable water resource allocations have led to excessive water consumption, especially in the basin's lower reaches. There is a significant water resources crisis involving the vulnerable local ecology and spreading desertification. Moreover, with rapid population growth and heightening intensity of development, the utilization of water, soil, and vegetation is increasing. As the pressures of demand exceed the capacity of an already fragile ecosystem, the basin's ecological environment deteriorates further.
Due to very high population density, high-intensity economic activities, and significant ecological degradation, the biophysical environment of the Shiyang River Basin's middle-lower reaches has been deteriorating quickly, limiting the sustainable development of the watershed and lowering levels of personal and family welfare. Given the Shiyang River Basin's extreme ecological fragility, this research offers the promise of revealing useful coping mechanisms within it as well as effective livelihood strategies that may be applied to other continental river basins.
Methodological Approach
Data Gathering, Sample Size, and Distribution
The primary means of gathering data for this study was through household questionnaires requiring respondents to recall experiences. To minimize prospective problems associated with bias (e.g., recall bias and information bias) care was taken in the design of the questionnaire to make its content impartial and even-handed. Factors such as question order were considered to avoid the construction of preferential contexts. Surveyors were trained carefully to pay attention to question wording and to avoid phrasing that could lead to some dubious answers. Surveyors were also apprised of a range of contextual factors by the Chief Executive (i.e., village head, etc.) to assist in their efforts to reduce recall bias, for example.
Thirty surveyors (including colleagues and graduate students) were recruited from Lanzhou University of Technology before the investigation commenced in April 2017. Recruited surveyors were required to come from the research area, have some statistical knowledge, and have participated in similar studies before. After a one-month selection period, the investigative team comprising 25 formal surveyors and five backup surveyors was finalized. To both ensure the quality of the survey and improve the response rate of questionnaires, surveyors were trained for 15 days in May 2017.
In order to refine draft questionnaires and finalize sample size, pilot questionnaires were conducted among 50 households in the middle-lower reaches of Shiyang River Basin. Surveyors (ten surveyors selected randomly from the investigative team) also conducted group discussions with village heads, village party secretaries, and village accountants (responsible for village financial accounts) in different sample villages before the formal survey was undertaken. These discussions were also intended to obtain more background information and to uncover a deep-seated view of managers.
In June 2017, the formal study was carried out in the middle of Shiyang River Basin (including Gulang county, Tianzhu county, and Liangzhou district) and the lower reaches (including Minqin county). All 30 surveyors were involved in the investigation: 25 formal investigators were divided into five groups to participate in the whole process of the investigation, and five backup investigators replaced formal investigators on those occasions they were unable to participate. The language used in interviews and questionnaires was Chinese.
Generalized proportional and selective sampling was used in order to ensure that each individual from the survey areas was given equal opportunity to be selected for inclusion in the research. Villages in different sections (including Minqin county, Gulang county, Tianzhu county, and Liangzhou district) were selected at the proportion of 50% firstly, then households in each village were randomly sampled at the ratio of 1.5%. In the end, a total of 500 households were surveyed, and 485 valid questionnaires (including 110 of Minqin County, 120 of Gulang County, 102 of Tianzhu County, and 153 of Liangzhou district) were collected, yielding a response rate of 97.0%. We attribute the high response rate to the fact that our surveyors were from these areas, as local people were able to speak the local language, understand local nuances, and communicate extremely well with the respondents. Moreover, the household survey was conducted on a one-to-one basis, understood to contribute to a high response rate.
The questionnaire design was based on perceived livelihood risk, livelihood strategies, and personality traits. The main contents include: (1) Perceived livelihood risk. This included perceived health, environmental, financial, social, information, and connectivity risk; (2) Livelihood strategies for surveyed farmers. Different livelihood strategies were identified such as "reduce consumption", "wait for relatives and friends help", "use loans", "seek employment", and "convert assets into cash" (the variables employed to assess these were: "What strategies do you take when you are at risk?" and "What are your preferred strategies?"); and (3) Personality traits. In addition to perceived livelihood risk, farmers' decision-making is also affected by their psychological capital especially personality traits, insights into which were obtained by questions such as "Have you suffered from anxiety or depression in the face of difficulties or adversity?" [9] .
Measuring Method of Risk Perception
Based on the definition of livelihood risk [53] and existing regional conditions, as well as availability of data, we employed an index system of livelihood risk. This comprised five aspects, namely health, environmental, financial, social, and information and connectivity risk linked to six types of livelihood capital. These are human, natural, financial, physical, social capital, and information capital [54] with 23 specific indicators seen in Fang [55] . The indicators and the relationships between them were developed on the basis of a review of the literature on each major component [55] .
Evaluation of Perceived Livelihood Risk among Farming Households (1) Evaluation Model
According to the Model of Private Proactive Adaptation to Climate Change (MPPACC) proposed by Grothmann and Patt [27] , two subcomponents contribute to perceived livelihood risk for rural households: Risk perception and Perceived adaptive capacity ( Figure 2 ). village were randomly sampled at the ratio of 1.5%. In the end, a total of 500 households were surveyed, and 485 valid questionnaires (including 110 of Minqin County, 120 of Gulang County, 102 of Tianzhu County, and 153 of Liangzhou district) were collected, yielding a response rate of 97.0%. We attribute the high response rate to the fact that our surveyors were from these areas, as local people were able to speak the local language, understand local nuances, and communicate extremely well with the respondents. Moreover, the household survey was conducted on a one-to-one basis, understood to contribute to a high response rate. The questionnaire design was based on perceived livelihood risk, livelihood strategies, and personality traits. The main contents include: 1) Perceived livelihood risk. This included perceived health, environmental, financial, social, information, and connectivity risk; 2) Livelihood strategies for surveyed farmers. Different livelihood strategies were identified such as "reduce consumption", "wait for relatives and friends help", "use loans", "seek employment", and "convert assets into cash" (the variables employed to assess these were: "What strategies do you take when you are at risk?" and "What are your preferred strategies?"); and 3) Personality traits. In addition to perceived livelihood risk, farmers' decision-making is also affected by their psychological capital especially personality traits, insights into which were obtained by questions such as "Have you suffered from anxiety or depression in the face of difficulties or adversity?" [9] .
Measuring Method of Risk Perception
Based on the definition of livelihood risk [53] and existing regional conditions, as well as availability of data, we employed an index system of livelihood risk. This comprised five aspects, namely health, environmental, financial, social, and information and connectivity risk linked to six types of livelihood capital. These are human, natural, financial, physical, social capital, and information capital [54] with 23 specific indicators seen in Fang [55] . The indicators and the relationships between them were developed on the basis of a review of the literature on each major component [55] . Risk Perception is the product of perceived probability and perceived severity. Perceived probability indicates the person's expectation that a risk will occur. In the case of a natural hazard, this might be the likelihood that a flood would reach the house in which a person lives. Perceived severity is the person's appraisal of the risk's consequences in their life, for example, making a Risk Perception is the product of perceived probability and perceived severity. Perceived probability indicates the person's expectation that a risk will occur. In the case of a natural hazard, this might be the likelihood that a flood would reach the house in which a person lives. Perceived severity is the person's appraisal of the risk's consequences in their life, for example, making a judgment that flooding in this area would damage something of value, such as a person's home or private property. Perceived Adaptive Capacity is built on three subcomponents including perceived self-efficacy, perceived adaptation costs, and perceived adaptation efficacy. Perceived self-efficacy is the belief that one's defensive behavior with respect to a risk would offer effective protection. Perceived adaptation efficacy refers to a person's perceived ability to actually perform some adaptive responses. Perceived adaptation cost refers to the assumed costs of taking preventive responses.
Evaluation of Perceived Livelihood Risk among Farming Households
(2) Evaluation on Perceived Livelihood Risk Indicators
The method of measuring risk cognition employed in this study was first proposed by Cunningham in 1964 [56] . Cunningham proposed that risk cognition is the product of risk probability and loss severity. Subsequently, and according to the MPPACC framework proposed by Grothmann and Patt [27] , any perceived livelihood risk indicator can be estimated as the sum of risk perception and perceived adaptive capacity (product of perceived self-efficacy, perceived adaptation cost, and perceived adaptation efficacy):
where PR m indicates average perceived livelihood risk indicator m for different households; P mi is defined as the perceived probability of risk indicator m occurring for household i; G mi is perceived severity on risk indicator m occurring for household i; E mi is defined as perceived self-efficacy on risk indicator m for household i; F mi is perceived adaptation cost on risk indicator m for household i; and J mi is defined as perceived adaptation efficacy on risk indicator m for household i.
Model's Estimation of Impact of Risk Perception on Livelihood Strategies
Multinomial logistic regression were used for all comparisons among dependent categories. It is used when the dependent variable has more than two nominal or unordered categories. In essence, multinomial logistic regression usually transforms logistic regression into a multinomial problem by the classification method. To put it in a more technical way, it is usually used to predict the probability of different outcomes for a categorically dependent variable, and finally determine which category the research subject is inclined to choose. The basic principle is to specify one category as the baseline category, and then compare other categories with it. However, no matter which category is selected as the reference, there will be the same parameter estimation for the same category. That is, the selection of the baseline category is arbitrary [57, 58] . Therefore, a simple way to implement a multinomial regression model is to choose one of all k possible outcomes as the "baseline category", and only run a k-1 independent binary logistic regression model.
In this study, livelihood strategies as dependent variables have many levels with no orders. Therefore, the simplest and most popular discrete choice model, multinomial logistic regression, was used in our study to analyze the influence of perceived livelihood risk of farm households on different living strategies. Based on definitions and classifications of livelihood strategies in previous research, the existing features of regional conditions, and data availability, K was identified as different livelihood strategies, namely "reduce consumption", "wait for relatives and friends' help", "use loans", "seek employment" and "convert assets into cash", represented respectively as "1", "2", "3", "4", and "5".
Then, the final category (the largest one) of the dependent variable assignments in ascending order is selected as the reference category (the control group). Therefore, the livelihood strategy "5" (convert assets into cash) is selected as the reference category, and the formulae are expressed as follows:
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where β i refers to the set of regression coefficients related to different livelihood strategies Y i , and X i is the set of independent variables related to observation i. Meanwhile, X i were converted into different perceived livelihood risk (health, environmental, financial, social, and information and connectivity risk) and represented by X 1 , X 2 , X 3 , X 4 , and X 5 , respectively. Personality traits X 6 are used as control variables.
The following formulas were developed:
Pr(
Based on the fact that the sum of probabilities of K is 1, the following formula was formed:
To take advantage of this to identify other possibilities:
Pr(Y i = 4) = e
Results and Discussion
Evaluation of Perceived "Lack of Water Resources"
Each perceived risk indicator in the livelihood risk index system (including risk perception and perceived adaptive capacity) is explored through questions in our survey and assigned a value according to the responses from household heads. Table 1 shows data on one perceived risk indicator, namely "lack of water resources" for different areas. (1) As shown in Table 1 , the perceived probability (reaching 2.68) of water resource scarcity in the future is lower than perceived severity. Around 81% of all respondents believe that water resource scarcity will certainly increase in future. Farmers in the basin's middle reaches perceive greater probability of water scarcity (2.85) than farmers downstream (2.51).
(2) Water resource scarcity has exacerbated the livelihood vulnerability of farmers in the middle and lower reaches of Shiyang River Basin, with around 73% of respondents believing that water resource scarcity has a serious impact on their livelihoods (with the index of perceived severity reaching 2.73). Compared with downstream farmers (2.63), the index of perceived severity amongst middle-stream farmers is higher (2.83).
Overall, the risk of water resource scarcity is felt keenly among farmers in both the middle and lower reaches of Shiyang River Basin, though it is felt more intensely among those in the middle reaches. The reason for this difference is that risk perceptions associated with water resources scarcity are influenced not only by information and public opinion, but also the adaptability of farmers, risk experience, cognitive bias, and intuitive judgment. The Shiyang River Basin is a typical resource-based water shortage zone characterized in recent years by reduced upstream runoff. Over time runoff from the Qilian Mountains in the basin's upper reaches has decreased, leading to diminished water resources in the middle and lower reaches. Upstream reservoirs and irrigation areas have been built and while these have allowed expansion of upstream irrigation areas and an associated increase in water consumption, they are also associated with the reduction in runoff to the basin's middle and lower reaches. Of course, this makes water resources scarcer in the middle and lower reaches and underpins heightened risk perception of water resources scarcity in that region. At the same time, with the 2005/6 implementation and continuing application of a water allocation scheme for the Shiyang River Basin by the People's Government of Gansu, the availability of midstream water resources has been reduced and the amount of sediment downstream has increased. This has intensified middle-stream farmers' Sustainability 2019, 11, 3349 9 of 16 perceptions of water resources scarcity. In our interviews, most midstream farmers indicated that their use of water resources is significantly less than it was before the water transfer program and the degree of water scarcity has increased. By contrast, some downstream farmers consider that the amount of water has increased significantly, the shortage of water resources has been alleviated, and the ecological environment has also improved following the water transfer program's implementation.
(3) Around 80% of respondents believe that by taking measures to conserve water (e.g., water-saving irrigation modes such as micro-spraying and drip irrigation or water and fertilizer integration) they could alleviate water resource scarcity effectively. The index of perceived adaptation efficacy is 2.55. However, the index of perceived adaptation efficacy in the middle-stream (reaching 2.73) is higher than that of downstream farmers (reaching 2.37). In our interviews, downstream farmers recognized that the effectiveness of their own measures to alleviate the water shortage was not obvious.
(4) As for the perceived self-efficacy index, only 11.25% of the respondents think that they have strong adaptability. And as shown in Table 1 the perceived self-efficacy index is only 2.26 among all farmers, while in midstream farmers it is relatively low, at 2.17. In general, farmers in the middle and lower reaches of the Shiyang River Basin lack sufficient confidence in self-efficacy, which is inconsistent with their risk perception.
(5) The index of perceived adaptation cost for all households combined reaches 2.47. However, the index of perceived adaptation cost in the middle-stream (2.90) is higher than that of downstream farmers (2.04). Only 5% of respondents believe that the cost of adaptation is low. In our interviews, most farmers reflected that the cost of adaptation to the shortage of water resources was relatively high, and they were unable to afford them. Most pointed out that the shortage of water resources was caused by many factors, and it was impossible for them to solve the problem effectively. Table 2 indicates that local households are more sensitive to financial risk than environmental risk. According to the definition of each index, 23 variables related to five perceived livelihood risks were selected and calculated. The results illustrate that there is a significant difference in distribution of different types of perceived livelihood risk in different areas of the river basin. In addition, for each type of perceived livelihood risk, the average index values of different subcategories (variables) are significantly different. Financial risk (especially for fake agricultural products) and health risk (especially for unhealthy external environment) are the most sensitive problems for rural households in Shiyang River Basin. In addition, financial risk awareness amongst the midstream residents appears higher than that of those downstream. Environmental risks are also a concern for local farmers, and downstream farmers are more sensitive than midstream farmers. 
Evaluation of Perceived Livelihood Risk
Description of Livelihood Strategy Options
Based on the classification of different livelihood strategies, we calculated the statistical results of five types of livelihood strategies. The results show that particular livelihood strategies are more popular than others (Figure 3 ). Among the 485 surveyed households, "seek employment" is the preferred livelihood strategy. When facing livelihood risk, farmers tend to seek employment to cope: They also rely on getting help from relatives and friends to cope with livelihood risk. It is worth noting that "use loans" is not the preferred livelihood strategy for local farmers, which indicates that the local credit system is not ideal. Farmers find it difficult to use loans because of high credit thresholds. Most farmers did not choose to "reduce consumption" (considered to be a direct way of reducing farmers' happiness) to cope with livelihood risks. 
Evaluation of the Effect of Perceived Livelihood Risk on Livelihood Strategies
The regression results on the relationship between perceived livelihood risk, personality traits, and livelihood strategies are shown in Table 3 . The significant variables in the multinomial logistic regression were chosen on the basis of a significance level of 0.1. Table 3 . The relationship between perceived livelihood risk and livelihood strategies. 
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Evaluation of the Effect of Perceived Livelihood Risk on Livelihood Strategies
The regression results on the relationship between perceived livelihood risk, personality traits, and livelihood strategies are shown in Table 3 . The significant variables in the multinomial logistic regression were chosen on the basis of a significance level of 0.1. According to the R 2 pseudo-statistics and chi-square test result, the multinomial logistic regression model fits well and has statistical significance at the 1% level. It should be noted that the likelihood ratio statistic expressed by the X 2 statistic (1338.585) is very significant (p = 0.0001), indicating that the estimated value obtained is sufficient to run the analysis. Based on the Log likelihood value, this model fully explained the impact of perceived livelihood risk on livelihood strategies. The estimated coefficients for each category are compared with the basic category of "convert assets into cash".
All strategies are included in Table 3 except the category of "convert assets into cash" (this group is the baseline category and thus doesn't appear in Table 3 ).
For category 1 (reduce consumption), the independent variables "personality traits" and "perceived financial risk" were found to be statistically significant at the 5% and 10% significance level, respectively (p < 0.05, p < 0.1), and were negatively correlated with the dependent variable, suggesting that survey respondents who had optimistic personality traits and higher "perceived financial risk" were less likely to select "reduce consumption". The reasons for this may be that rural householders with optimistic personality traits are more conscious of quality of life, so they will increase consumption to develop their overall quality of life. It is worth mentioning that the "consumption" mentioned above refers to productive consumption on agricultural goods. So rural households realized financial risk is high because of unstable agricultural prices. In such a situation, they had to reduce the purchase of such items in order to avoid risks. The independent variable "perceived health risk" is significant (p < 0.05) and shows a positive sign. This means that survey respondents who had higher "perceived health risk" were more likely to select "reduce consumption" to increase savings to cope with health risks at any time. However, none of the independent variable "perceived social risk", "perceived environmental risk", and "perceived information and connectivity risk" were significant, suggesting that the livelihood strategies of reducing consumption could not be affected by these three perceived livelihood risks.
For category 2 (wait for relatives and friends' help), we found none of the six risks was significantly associated with the dependent variable, suggesting that the livelihood strategies of "wait for relatives and friends" help' could not be affected by the perceived livelihood risk and personality traits.
For category 3 (use loans), the independent variables "personality traits", "perceived health risk", and "perceived social risk" were found to be statistically significant at the 1%, 5%, and 10% significance level, respectively (p < 0.01, p < 0.05, p < 0.1), and correlated positively with the dependent variable, whereas the independent variable "perceived financial risk" is significant (p < 0.1) and shows a negative sign. This means that survey respondents with optimistic personality traits and higher "perceived health risk" and "perceived social risk" were more likely to select "use loans", and those with higher "perceived financial risk" were less likely to select "use loans" to cope with livelihood risk. The reason for this is that rural householders with optimistic personality traits prefer to choose "use loans" to achieve more income to sustain livelihoods in the future and to improve the quality of life by a diverse livelihood approach. Meanwhile, rural households with higher "perceived health risk" and "perceived social risk" believe that they can rely on increasing their loans to maintain livelihoods more effectively. In addition, when rural households realized financial risk is high, they assumed that there is a risk in the process of loan acquisition, so they tend to select livelihood strategies other than "use loans". However, the independent variables "perceived environmental risk" and "perceived information and connectivity risk" were both not significant, suggesting that the livelihood strategies of "use loans" could not be affected by these two perceived livelihood risks.
For category 4 (seek employment), the independent variables "personality traits", "perceived health risk", and "perceived environmental risk" were found to be statistically significant at the 1%, 5%, and 10% significance level, respectively (p < 0.01, p < 0.05, p < 0.1), and correlated positively with the dependent variable, whereas the independent variable "perceived financial risk" is significant at the 10% significance level (p < 0.1) and correlated negatively with the dependent variable. This suggests that survey respondents with optimistic personality traits and higher "perceived health risk" and "perceived environmental risk" were more likely to select "seek employment", but those who had higher "perceived financial risk" were less likely to select "seek employment" to cope with livelihood risk especially financial risk. The reason for this result may be that rural householders with optimistic personality traits and higher "perceived health risk" are more willing to "seek employment" to obtain more income, improve their quality of life and deal with all kinds of potential risks, including health risk. When respondents realize that they are located in a vulnerable environment, they prefer to leave their living conditions, opting to migrate and "seek employment" to avoid environmental risk. In addition, rural householders with higher "perceived financial risk" also assumed that there is a risk (such as income instability) in the process of' "seek employment". However, neither the independent variables "perceived social risk" nor "perceived information and connectivity risk" were significant, suggesting that the livelihood strategy "seek employment" could not be affected by these two perceived livelihood risks.
Conclusions
Over the past 40 years, "livelihood risk" has become a growing and intensive theme of conceptual and empirical research. In the field of sustainable development, rural households and their adaptations to livelihood risk have become a global issue of concern. Use of accurate assessments of the impacts of perceived livelihood risk on livelihood strategies in key areas characterized by ecological fragility, high-risk, and extreme poverty zones are helpful to inform relevant policies, which may improve risk perception capabilities and enhance the effectiveness of livelihood strategies. The main contribution of this paper is to analyze the various dimensions of perceived livelihood risk in detail and to consider their potential significance for the livelihood strategies of local farmers in the Shiyang River Basin. Different perceived livelihood risks have different effects on livelihood strategies. Our analysis indicates that personality traits, perceived health risk, perceived financial risk, perceived social risk, and perceived environmental risk, influence livelihood strategies significantly, while perceived information and connectivity risk have no obvious influence on livelihood strategies.
Perceived livelihood risks tend to shape individual livelihood strategies. Hence an in-depth understanding of risk perceptions is essential and should be integral to policies such as those surrounding climate change adaptation [59] . To enhance the capacity of farmers to understand risks well and accurately, it is important to provide them with a system that can assist them to secure correct information on time [60] . On this basis, local governments could work to support development of farmers' knowledge of risks, thereby altering their risk perceptions and helping them achieve appropriate and effective livelihood strategies. Services such as technology training (e.g., water-saving technology, planting technology, and management skills) could be offered through centralized and individual training. In addition, government should speed up the construction of rural cooperative organizations (e.g., the cooperation between herder households and farmer families, or regional cooperation) ensuring sharing of resources such as information, technology, and funds. Meanwhile, government could also reshape industrial structures in ways that contribute to the development of specialty industries (such as agricultural and sideline products or the livestock product processing industry). These could help farmers find more work and diversify their livelihoods-outcomes that may increase their capacity to cope with livelihood risk. Moreover, construction of infrastructure and implementation of endowment and medical insurance should be improved to reduce the losses caused to farmers in the face of risks.
As part of the relationship between humans and changing external environments, perceived livelihood risk is a combination of natural and humanistic systems, embracing human experience, perception and knowledge. Although there is a growing body of research on risk perception, adaptive capacity and livelihood strategies, there is a lack of empirical information and research on the relationships between them. In particular there are few analytical studies on perceived livelihood risk. Farmers' selection of livelihood strategies is very complex, including variables such as individual knowledge structure, mood, sense of worth, culture type, risk intensity, and personal familiarity with livelihood risk and so on. This study helps us comprehend the ways rural households adapt to livelihood risk. It is important to realize that our analytical framework can systematically decouple the correlation between various forms of perceived livelihood risk and livelihood strategies, and point to relevant policy preferences on the basis of this correlation. In the meantime, the construction of institutional systems supportive of farmers should be accelerated to help promote their capacities to adapt in the face of livelihood risk. For future research, other factors which may influence livelihood strategies (such as intergenerational support, near-neighbor imitation effect, and other related policy factors) are needed for in-depth discussion. Meanwhile, the differentials in standard of living can lead to differences in impacts of the factors on livelihood. Here, and for future work, our initial idea is to divide farmers into different types according to their livelihood capital endowments and to evaluate differences among different sub-groups.
